(Cj were significantly increased in all 11 patients. Five patients (Group I) with acute allograft rejection showed markedly increased CaIband moderately increased concurrent with decreased creatinine clearance (C,1.).Five other patients (Group II) with no evidence of rejection demonstrated episodes of grossly increased with minimally increased but stable CaIband normal C. One patient had no evidence of rejection nor indications of giomerular or tubular proteinuria. While changes in serum fl2-microglobulin concentration closely paralleled those of serum creatinine In the Group II patients, the results diverged in the Group I patients because the increase in serum /32-microglobuiin exceeded that of serum creatinine and preceded the increase in creatinine by one to five days, suggesting that measurement of serum /32-microglobulin might afford earlier indication of the nature and extent of renal damage in the allograft recipients.
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reference intervals
The clinical laboratory evaluation of renal function typically involves any or all of a constellation of tests and measurements, including routine urinalysis, serum creatinine, creatmine clearance, blood urea nitrogen, urine osmolality, and total urinary protein. Recently, attention has focused on differential analysis for component proteins in urine as a more sensitive and specific index to renal damage, an index that would be of considerable value in monitoring kidney function in renal-allograft recipients (1) . Of the proteins present in urine, albumin has been established as a sensitive indicator of renal glomerular injury (2) because its relative molecular mass (M 68 000) is such that it only slightly exceeds the exclusion limit of glomerular basement membrane permeability (3, 4). On the other hand, $2-microglobulin (I2i), a protein of low molecular mass (M1 11 800) with a Stoke's radius of 1.5 nm and a glomerular sieving coefficient close to unity, is almost totally reabsorbed by the proximal tubule and is subsequently catabolized in the kidney (2, 5, 6) . The almost unhindered filtration of this protein through the glomerular basement membrane and its extensive renal tubular reabsorption provide the physiological basis for using the metab- olism of /32L as a measure of renal tubular function and thus to explain the linear correlation between serum creatinine (S,) and serum $21.1 (S) concentrations that has been observed by several investigators (7) (8) (9) (10) . This relationship, however, is not entirely predictable in certain clinical situations, notably in renal transplantation, because endogenous production of thi protein can change as a result of infection and increased immune activity, independently of renal function (7) . Thus this variation in the relationship between S, and Scr appears to offer an opportunity to study endogenous production of flsjz independent from its renal excretion and gain valuable information about concurrent infection or immunological activity (or both) in allograft patients. We previously described sensitive radioimmunoassays for albumin in urine (11) , and $21.1 in both urine and serum (12) . We report here the results of a study of serial clearances of albumin (Cib) and $z (Css) in 11 renal allograft patients during the first through the fifth week after the transplant. The protein clearances were correlated with renal function as represented by creatinine clearance (Ccr), and the values of S and 5a were also examined in relation to the clinical status of the patients.
Materials and Methods

Patients.
We studied 11 patients-seven men and four women-who had received renal allografts. One patient, M.O., was the recipient of a kidney from a living relative. The rest of the patients received cadaver kidneys. Timed 12-h urines were collected during the period 0500 to 1700 hours from each recipient for the first one to five weeks after the transplant. The corresponding serum samples were collected from the same individuals at 0500 hours. These samples were stored frozen and were all assayed at one time.
The patients were classified according to their graft function. The assessment was based on a constellation of clinical observations and laboratory results including 5cr, total urine protein, blood urea nitrogen, electrolytes, nonspecific immunological monitoring (active rosette-forming cells and spontaneous blastogenesis) and regular isotopic evaluation of renal function with Tc-labeled diethylenetriaminepentaacetic acid (DTPA) and 1311-labeled hippuran. Rejection was diagnosed on the basis of an increase of equal to or greater than 2 mg/L or a decline of C equal to or greater than 20% observed during two consecutive determinations within 24 h, or a defined change in renal handling of one or both radiopharmaceuticals.
Of bumin and a rabbit antiserum monospecific for human albumin. The radioiodinated albumin was prepared by a modification of the procedure of Hunter and Greenwood (13) in which 5 .tg of highly purified albumin and 500 tCi of carrierfree I were incubated for 1.5 min. The preparation was then purified by gel-filtration chromatography, and the specific activity of the purified material was adjusted to 1 Ci/g. The separation of antibody-bound and free fractions was achieved with use of a goat anti-rabbit gamma globulin serum. The standard curve covered an absolute range of 15-1000 ng of albumin. Serum albumin concentration (Saib) was measured by the bromcresol green procedure with a centrifugal analyzer (CentrifiChem System 400, Union Carbide, Rye, NY 10581).
Clearance of $2-microglobulin.
Both serum and urinary $ were determined by radioimmunoassay as described previously (12) . Briefly, aliquots of fivefold diluted serum and fiveand 500-fold diluted urine were incubated for 1 h at room temperature with 1251-labeled /321.1 and a rabbit antiserum specific for human fl2t. The $2z used as the standard was isolated from the urine of a patient with Fanconi's syndrome and purified. It was iodinated by a modified Hunter/Greenwood procedure (13) in which 2.5 g of $i, 500 iCi of carrierfree Na'251, and 30 ig of Chloramine T were allowed to react for 1 mm before the labeled product was purified by gel-filtration chromatography.
The specific activity was adjusted to 10 Ci/g. The antibody-bound and free fractions were separated by the double antibody technique with use of a goat anti-rabbit gamma globulin serum. The standard curve covered an absolute range of 2-64 ng $21.1.
Clearance of creatinine.
Serum and urinary creatinine were both measured by the Jaff#{233} reaction by an automated kinetic method with the centrifugal analyzer (14) .
Results
Reference Interval
The reference intervals for U51b, Cb, S, 
Clearance of Albumin and f32-Microglobulin
In comparison with the 25 controls studied, all patients showed significantly increased Caib and C, at all times.
Analysis of the clearance status of albumin and $2/.1 in association with changes in in these three groups of patients revealed distinctly different patterns. Group I. The patients in Group I all showed episodes of extremely increased Caib accompanied by relatively moderate increased (see Table 1 ). The clearance profile of patient C.O. (Figure 1 ) serves as a typical example. A rapid decline in Ccr, beginning on day 14, was accompanied by a moderate increase of (maximal on day 15, C. = 6.51 mL/min) and a marked increase of Caib (maximal on day 18, Caib = 248.6 tL/min). During this period, Ccr declined from 88 mL/min to 8.0 mL/min on day 15, then remained relatively unchanged at about 25 mL/min. Similar clearance patterns in association with reduced renal function were observed also in the other four patients: B.O., B.R., N.O., and C.U. As shown in Table  1 , the maximum C81b for this group of patients ranged from 25.6 to 248. this group. During the entire course his creatinine clearance, which was 56 mL/min on day 1, steadily increased and remained relatively unchanged after attaining 92 mL/min on day 8. While albumin clearance was extremely stable, fluctuating barely between 1.6-2.2 /.LL/min, two episodes of increased $2 clearances took place, the first peaking on day 4 (maximal C, = 15.65 mL/min) and the second forming a major peak on day 15 (maximal = 22.10 mL/min).
Similar clearance patterns
were observed with the four other patients in this group. As shown in Table 1 Rejection was diagnosed as in Fig. 1 with the maximal S4. When a between-day S821,increase equal to or greater than 0. Group II. Closely parallel changes in S8 and Scr were observed for the five patients classified in this group. An example is shown in Figure 2 . During the first week after the transplant, deterioration in renal function was accompanied by concurrent increase in the concentrations of both these substances.
As glomerular filtration improved, 5cr approached normal values and S821, was correspondingly decreased. Patient M.O., who showed no evidence of rejection and no increase in clearances of either albumin or $212, was the only patient who attained both normal Scr and S821,10 days after the transplant (Figure 3 ).
Discussion
This study demonstrates for the first time sequential changes of albumin and $212 clearances in renal allograft recipients one to five weeks post-transplantation.
As shown in Table 1 , all five patients classified in Group I showed episodes of markedly increased /.LL/min) and moderately increased C8 (0.60-4.22 mL/min) concurrent with decreased glomerular filtration rate as evidenced by a decreased Ccr. Eachof these episodes was closely correlated with the clinical impression of acute allograft rejection.
On the other hand, all five patients categorized in Group II with no evidence of clinical rejection demonstrated episodes of grossly elevated C8 (8.13-22.1 mL/min) with minimally increased but stable CaIb (2.0-4.9 /.LL/min) and normal renal function. Our findings of extremely increased CaIb in association with acute rejection are consistent with the observation of Laterre et al. Rejection was diagnosed as in Fig. 1 proximal tubular defect, a conclusion based on both our present knowledge of $212 metabolism and similar findings reported by other investigators (2, 16) . The smaller increase in C821.in the patients demonstrating clinical rejection (Group I) would appear to be explained largely by a decrease in the filtered load of $t in patients with predominantly glomerular injury. This would also explain the relatively higher concentration of in the patients demonstrating acute allograft rejection.
The concentrations of $212 in serum of patients with either glomerular or tubular proteinuria, or both, invariably exceed the reference interval. The closely parallel changes of 82,, and Scr in patients with primarily tubular injury are entirely predictable when the renal function is stable, because the sieving coefficient is close to unity. A similar relationship between these two substances has also been observed by others (7) (8) (9) (10) . Linear correlations between S821,and Scr, on a logarithmic scale, were reported separately by Vincent et al. (7), Brauman et a!. (8) , and Evrin et al. (9) . In our study, this parallel relationship was not as close in patients whose urinary protein patterns demonstrate primarily glomerular injury. In this group, 821, and 5cr diverge somewhat because the increase in S821.exceeded that in Scr. Furthermore, the increase in $212 in the serum of these patients preceded that of S1 by one to five days and the decline in Cc by one to four days (see Figures  4-6 ). This phenomenon, observed also by Vincent et al. (7), was attributed by them to severe multiple infections of bacterial, fungal, or viral origin. However, no example of infection was demonstrated in any pre-rejection period in the patients that we studied. It is predictable that deteriorating glomerular filtration alone should result in a simultaneous increase in S. and $21i if the sieving coefficient of both substances remains unchanged and renal functional loss is determined by a decrease in glomerular filtration rate alone. A reduction in sieving coefficient to account for the disparity between $212 and Scr is unlikely, because increased gbomerular permeability evidenced by a high-molecular-mass proteinuria frequently accompanies acute rejection.
Thus an increase in S8 that precedes an increase of Scr is most reasonably interpreted as a result of extrarenal events, notably an increase in synthesis. Stimulation of the lymphoid mass by infection and immunization has been shown experimentally to increase the elaboration of $212 by plasma cell lymphocytes.
In each instance of a premature rise in serum /32/2, renal albograft rejection was subsequently observed and is attributed to the effects of alloimmunization.
Our data demonstrate conclusively that the determination of daily clearances of both albumin and $212 in patients recovering from renal allograft transplantation is an effective means of assessing renal damage-i.e., differentiating between gbomerular injury and renal tubular dysfunction-and that data on the concentration of $212 in serum can be a valuable predictor of acute renal allograft rejection. Our study thus supports the use of differential analysis of urinary proteins in monitoring kidney function of renal transplant recipients. Such analysis of urinary proteins merits further investigation to determine its applicability in the diagnosis and prognosis of renal diseases of other etiologies.
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